Objective. The aim of the present investigation was to study the effect of hypoxia on the expression of genes encoding endothelin-1 (EDN1) and its cognate receptors (EDNRA and EDNRB) as well as endothelin converting enzyme 1 (ECE1) in U87 glioma cells in response to inhibition of endoplasmic reticulum stress signaling mediated by ERN1/IRE1 (endoplasmic reticulum to nucleus signaling 1) for evaluation of their possible significance in the control of glioma growth through ERN1 and hypoxia.
The peptide hormone endothelin-1 (ET-1; EDN1) and its cognate receptors (EDNRA and EDNRB) play an important role in the maintenance of vascular tone, but they are also localized to non-vascular structures including epithelial cells, glia and neurons and play multiple, complex roles (Dashwood and Loesch 2009; Khimji and Rockey 2010; Stow et al. 2011) . They also have co-mitogenic activity, potentiating the effects of other growth factors such as PDGF and have been linked to variable diseases including diabetes, traumatic shock and tumorigenesis (Minchenko et al. 1999 (Minchenko et al. , 2003 Dashwood and Loesch 2009; Khimji and Rockey 2010; Stow et al. 2011; Palmer et al. 2012; Cook et al. 2015; Dojo Soeandy et al. 2019) . There is also a data that EDN1 is a neuropeptide, which is implicated in a number of neural circuits where its transmitter affects range from a role in pain and temperature control to its action on the hypothalamo-neurosecretory system (Dashwood and Loesch 2009) . Recently, it has been shown that levels of mRNAs encoding EDN1 and its receptors, known to be elevated in amyotrophic lateral sclerosis, were sharply increased by knockdown of C9 (C9ORF72) gene, which encodes a protein that functions in control of endothelin and glutamate signaling (Fomin et al. 2018) . There are also data indicating that melanopsin and clock genes are regulated by light and endothelin in the zebrafish ZEM-2S cell line through interleukin 3 regulated nuclear factor (NFIL3/E4BP4) binding to the promoters and consequent inhibition of gene expressions (Farhat et al. 2009 ). Differential and tissue-specific production of EDN1 must be tightly regulated in order to preserve these biologically diverse actions.
It is interesting to note that palmitic acid increases ET-1 expression in endothelial cells through the induction of endoplasmic reticulum stress and the activation of protein kinase C, providing novel mechanistic insights into the pathogenesis of obesity-associated hypertension and cardiovascular diseases including atherosclerosis (Zhang et al. 2018) . The primary mechanism thought to control EDN1 bioavailability is the rate of transcription from the EDN1 gene. Studies conducted on a variety of cell types have identified key transcription factors including HIF that govern EDN1 expression (Aversa et al. 1997; Minchenko and Caro 2000; Stow et al. 2011) . In addition, other mechanisms involved in epigenetic regulation and mRNA stability have emerged as important processes for regulated EDN1 expression.
The endothelin receptor type A is associated with guanine-nucleotide-binding (G) proteins and this coupling activates a phosphatidylinositol-calcium second messenger system. This receptor plays a role in potent and long-lasting vasoconstriction and cell proliferation. Thus, Arabanian et al. (2018) have shown that overexpression of EDNRA led to increased proliferation and resistance to apoptosis of bone marrow cells in vitro and that Meis1 binds to the EDNRA promoter region, suggesting a regulatory role for Meis1 in endothelin-1 receptor type A expression and in Hoxa9/Meis1-driven leukemogenesis. Furthermore, the endothelin axis (EDN1 and EDN1 receptor A) is involved in cellular growth, differentiation, invasiveness, and tumor progression in several cancers and polymorphisms of these genes is increased the risk of developing papillary thyroid cancer (Aydin et al. 2019) . Recently, it has been observed an abnormal expression of endothelin receptor type B (EDNRB) in hepatocellular carcinoma and confirmed its potential clinical significance (Zhang et al. 2019 ). Thus, endothelin-1 receptor blockade is new possible therapeutic approach in multiple myeloma, because the majority of multiple myeloma cell lines and primary malignant plasma cells express high levels of EDNRA and EDNRB and release EDN1 (Russignan et al. 2017) .
The endothelin-converting enzyme-1 (ECE1) is involved in the proteolytic processing of endothelin precursor to biologically active peptide. Active EDN1 has a short half-life, so its biological effects are completely dependent on its enzymatic activation by ECE1. There are data that expression of ECE1 gene is elevated in several tumors and cancer cell lines and that this protein has relation to cancer cell proliferation and invasiveness (Niechi et al. 2015; Tapia and Niechi 2019) . At the same time, ECE1 participates in the development of Furthermore, Miners and Love (2017) have shown that endothelin-converting enzymes degrade alpha-synuclein and are reduced in dementia with Lewy bodies. Thus, it participates in the metabolism of α-synuclein that could contribute to the development and progression of dementia with Lewy bodies. It is interesting to note that miR-199a-5p, which negatively regulated ECE1, and silencing the ECE1 gene are protected the rat spinal cord injury after ischemia-reperfusion (Bao et al. 2018) . Therefore, we demonstrated that miR-199a-5p might protect the spinal cord against ischemia-reperfusion-induced injury by negatively regulating the ECE1. The ECE1 gene is hypoxia responsible and, in its promoter and intron regions, there were identified HIF binding sites by Khamaisi et al. (2015) . It has also been shown that endothelin-1 production is controlled by TIMAP-protein phosphatase 1-complex via ECE1 dephosphorylation (Boratko et al. 2016) .
Glioblastoma multiforme is a highly aggressive brain tumor with an exceptionally poor patient outcome despite aggressive therapy including surgery, radiation, and chemotherapy (Yang et al. 2012; Womeldorff et al. 2014; Nayak and Reardon 2017) . This aggressive phenotype may be associated with intratumoral hypoxia, which probably plays a key role in glioblastoma growth, development, and angiogenesis. The rapid growth of solid tumors generates microenvironmental changes in regards to hypoxia, nutrient deprivation and acidosis thus inducing the formation of new blood vessels, cell proliferation and survival, processes relying on activation of endoplasmic reticulum stress signaling pathways, which are important to glioma development and a more aggressive behavior through regulation of the cell cycle at distinct stages Yalcin et al. 2014; Zhao et al. 2017) . It has been shown that hypoxia-inducible factor-1α (HIF-1α) blocks differentiation of malignant gliomas possibly through a differentiation defect in malignant gliomas. HIF-1α is associated with numerous upstream and downstream proteins and an examination of upstream hypoxic and nonhypoxic regulation of HIF1 as well as of downstream HIF1-regulated proteins may provide further insight into the role of this transcription factor in the pathophysiology of glioblastoma and could provide future treatment options for the care of patients with these tumors (Womeldorff et al. 2014; Semenza 2017) . It is interesting to note that hypoxia in tumors suppresses cell death pathways, strongly activates glycolysis through variable mechanisms and specifically modulates glutamine metabolism through HIF1 and SIAH2 supports lipid synthesis that is necessary for tumor growth (Sun and Denko 2014). Furthermore, a better knowledge of tumor responses to hypoxia is required to elaborate therapeutical strategies of cell sensibilization, based on the blockade of survival mechanisms (Iurlaro et al. 2017; Semenza 2017; Teramoto and Katoh 2019) .
The growing tumor requires the endoplasmic reticulum stress for own neovascularization and growth, for apoptosis inhibition because it has an important position as a signal integrator in both normal and malignant cells (Drogat et al. 2007; Auf et al. 2010; Doultsinos et al. 2017) . The endoplasmic reticulum stress signaling pathways have connections with other plasma membrane receptor signaling networks and with numerous metabolic pathways (Bravo et al. 2013; Minchenko et al. 2013; Chevet et al. 2015) . Malignant tumors use endoplasmic reticulum stress response and its signaling pathways to adapt and to enhance tumor cells proliferation under stressful environmental conditions (Manie et al. 2014; Papaioannou and Chevet 2018) . It is well known that activation of IRE1/ERN1 (inositol requiring enzyme 1/endoplasmic reticulum to nucleus signaling 1) branch of the endoplasmic reticulum stress response is tightly linked to apoptosis and to cell death, and suppression of its function has been demonstrated to result in significant anti-proliferative effect in glioma growth (Auf et al. 2010 (Auf et al. , 2013 Minchenko et al. 2014 Minchenko et al. , 2015a . Furthermore, inhibition of ERN1endoribonuclease has more strong anti-proliferative effect on glioma cells and other effect on the expression of some ERN1-related pathway genes (Auf et al. 2013; Minchenko et al. 2015c) .
It is interesting to note that endoplasmic reticulum stress and hypoxia are two very important and complementary tumor growth factors, and ERN1 mediated stress signaling can significantly modify the effects of hypoxia on gene expressions (Minchenko et al. 2014 (Minchenko et al. , 2015a (Minchenko et al. ,b, 2016 Tsymbal et al. 2017 ). However, the detailed molecular mechanisms of the iteration of hypoxia with ERN1 mediated stress signaling pathway are complex yet and warrant further study.
The aim of this study was to examine the effect of hypoxia on the expression of genes encoded EDN1, its receptors (EDNRA and EDNRB) and ECE1 in U87 glioma cells in response to complete inhibition of ERN1 activity (protein kinase and endoribonuclease) or only its endoribonuclease for evaluation of their possible significance in the control of glioma growth through endoplasmic reticulum stress signaling mediated by IRE1 and hypoxia.
Materials and methods
Cell lines and culture conditions. The glioma cell line U87 was obtained from ATCC (USA) and grown in high glucose (4.5 g/l) Dulbecco's modified Eagle's minimum essential medium (Gibco, Invitrogen, Carlsbad, CA, USA) supplemented with glutamine (2 mM), 10% fetal bovine serum (Equitech-Bio, Inc., USA), penicillin (100 units/ml; Gibco) and streptomycin (0.1 mg/ml; Gibco) at 37 o C in incubator with 5% CO 2 . In this work we used three sublines of these cells, which were described previously (Auf et al. 2010 (Auf et al. , 2013 Minchenko et al. 2015c) . One subline was obtained by selection of stable transfected clones with overexpression of vector pcDNA3.1, which was used for creation of dnERN1 and dnrERN1. This untreated subline of glioma cells (control glioma cells) was used as control 1 in the study of the effect of hypoxia deprivation on the expression level of genes encoding EDN1 and related proteins (EDNRA, EDNRB, and ECE1). Second subline was obtained by selection of stable transfected clones with overexpression of ERN1 dominant/negative construct (dnERN1), having suppression of both the protein kinase and endoribonuclease activities of this signaling enzyme (Auf et al. 2010) . The third sub-line was obtained by the selection of stable transfected clones with the overexpression of dominant-negative ERN1 endoribonuclease mutant (dnrERN1), which was obtained by truncation of the carboxy-terminal 78 amino acids of ERN1 (Auf et al. 2013; Minchenko et al. 2015c) . It has been shown that these cells have a low proliferation rate, do not express spliced XBP1, a key transcription factor in ERN1 signaling, and have not the phosphorylated isoform ERN1 after induction of endoplasmic reticulum stress by tunicamycin (Auf et al. 2013; Minchenko et al. 2015c ). The expression of the studied genes in cells with a deficiency of ERN1, introduced by dnERN1 and dnrERN1, was compared with cells transfected with the previously mentioned, empty vector (control glioma cells, pcDNA3.1). All used in this study sublines of glioma cells are grown in the presence of geneticin (G418) while these cells carrying empty vector pcDNA3.1, dnERN1 or dnrERN1 constructs. Hypoxic condition was created in special incubator with 3% oxygen and 5% carbon dioxide levels; culture plates with complete DMEM were exposed to these conditions for 16 h.
RNA isolation. Total RNA was extracted from glioma cells using the Trizol reagent according to manufacturer's protocol (Invitrogen, Carlsbad, CA, USA). The RNA pellets were washed with 75% ethanol and dissolved in nuclease-free water. For additional purification RNA samples were re-precipitated with 95% ethanol and re-dissolved again in nuclease-free water. RNA concentration and spectral characteristics were measured using NanoDrop Spectrophotometer ND1000 (PEQLAB, Biotechnologie GmbH).
Reverse transcription and quantitative PCR analysis. The effect of hypoxia on the expression levels of endothelin-1 and its receptors (EDNRA and EDNRB) mRNAs as well as ECE1 and ACTB mRNAs were measured in control U87 glioma cells and cells with a deficiency of ERN1, introduced by dnERN1 and dnrERN1, by quantitative polymerase chain reaction using SYBRGreen Mix (ABgene, Thermo Fisher Scientific, Epsom, Surrey, UK) and qPCR "Rotor-Gene RG-3000" (Corbett Research, Germany) and "QuantStudio 5 Real-Time PCR System" (Applied Biosystems, USA). Thermo Scien tific Verso cDNA Synthesis Kit (Germany) was used for reverse transcription as described previously (Minchenko et al. 2019) . Polymerase chain reaction was performed in triplicate. The expression of beta-actin mRNA was used as control of analyzed RNA quantity. The pair of primers specific for each studied gene was received from Sigma-Aldrich (St. Louis, MO, U.S.A.) and used for quantitative polymerase chain reaction (Table 1) .
Quantitative PCR analysis was performed using a special computer program "Differential expression calculator" and statistical analysis using Excel program and OriginPro 7.5 software as described previously (Minchenko et al. 2015c ). Comparison of two means was performed by the use of two-tailed Student's t-test. A p-value <0.05 was considered significant in all cases. The values of EDN1, EDNRA, 
Results
To investigate a possible role of endoplasmic reticulum stress signaling mediated by ERN1 bifunctional enzyme in the expression level of mRNA for endothelin-1 receptor and its cognate receptors (EDNRA and EDNRB) as well as endothelin converting enzyme 1 we studied in U87 glioma cells with a deficiency of ERN1: full deficiency, introduced by dnERN1 (cells without both protein kinase and endoribonuclease activities), and with deficiency in ERN1 endoribonuclease, introduced by dnrERN1 (cells without endoribonuclease activity only). As shown in Figure 1 , the expression of EDN1 mRNA in U87 glioma cells, transfected by dnERN1, is strongly up-regulated (+572%) in comparison with control glioma cells, transfected by empty vector. At the same time, inhibition of ERN1 endoribonuclease has small but statistically significant effect (-15%) on endothelin-1 gene expression ( Figure 1) . We next investigated the effect of ERN1 inhibition on the expression of gene encoding endothelin receptor type A in glioma cells. As shown in Figure 2 , the expression of EDNRA mRNA is strongly up-regulated (+119%) in U87 glioma cells without both protein kinase and endoribonuclease activities in comparison with cells, transfected by empty vector pcDNA3.1. Furthermore, similar results in the expression of EDNRA gene we received in glioma cells with deficiency in ERN1 endoribonuclease, introduced by dnrERN1 (+94%) as compared to control glioma cells ( Figure 2) .
We also studied the expression of gene encoding endothelin receptor type B in glioma cells in relation to suppression of functional activity of ERN1 signaling enzyme. As also shown in Figure 3 , the expression level of EDNRB mRNA is also up-regulated in glioma cells transfected by dnERN1 but the effect was much smaller in comparison with cells, transfected by empty vector (+35%). Moreover, inhi- bition of endoribonuclease activity of ERN1 signaling enzyme leads to down-regulation of EDNRB gene expression (-35%) as compared to control glioma cells (Figure 3) .
Investigation of gene encoding endothelin converting enzyme 1, which play an important role in the regulation of endothelin-1 activity, showed its strong sensitivity to the suppression of ERN1 signaling enzyme function (Figure 4 ). Thus, the expression level of ECE1 gene is significantly up-regulated (+143%) in glioma cells without both protein kinase and endoribonuclease activities in comparison with cells, transfected by empty vector. Very similar results were observed in glioma cells without endoribonuclease activity of ERN1 signaling enzyme (+154%) as comparted to control cells ( Figure  4) . Thus, inhibition of both enzymatic activities of ERN1 signaling enzyme and only endoribonuclease has similar effect on the expression of EDNRA and ECE1 genes and different, opposite, effect on EDN1 and EDNRB genes.
We next investigated the effect of hypoxia on the expression of gene encoding endothelin-1 in glioma cells in relation to complete inhibition of ERN1 signaling enzyme function (both protein kinase and endoribonuclease activities). It was shown that in control glioma cells (transfected by empty vector) the expression level of EDN1 gene is up-regulated (+251%) under hypoxic condition in comparison with cells growing in regular condition (Figure 5) . At the same time, inhibition of ERN1 signaling enzyme function significantly suppresses the effect of hypoxia on endothelin-1 gene expression as compared to corresponding control cells, transfected by dnERN1 (+60%; Figure 5 ). Furthermore, effect of hypoxia on the expression of endothelin receptor type A and B genes in glioma cells in control glioma cells was different ( Figure 6 and Figure 7) . Thus, exposure cells under hypoxia leads to up-regulation of EDNRA (+44%) and down-regulation of EDNRB (-21%) genes. It is interesting to note that complete inhibition of ERN1 signaling enzyme function (both protein kinase and endoribonuclease activities) modifies effect of hypoxia on these endothelin receptor genes. Thus, the expression of endothelin receptor type A is down-regulated (-51%) and endothelin receptor type Thus, hypoxia up-regulates the expression of all studied genes except EDNRB gene and inhibition of endoplasmic reticulum stress signaling mediated by ERN1 modifies the effect of hypoxia on the expression of endothelin-1, its receptors and endothelin converting enzyme 1 in gene-specific manner.
We also studied the expression level of microRNA miR-206, miR-96, and miR-19a, which have specific binding sites in mRNA EDN1, EDNRA, and EDNRB, correspondingly, and can participate in posttranscriptional regulation of these mRNA expressions. As shown in Figure 9 , the expression level of microRNA miR-206, miR-96, and miR-19a is down-regulated, being more significant for miR-96 and miR-19a, in glioma cells without both ERN1 protein kinase and endoribonuclease activities (full ERN1 deficiency, introduced by dnERN1) in comparison with control cells. Therefore, the down-regulation of these microRNAs correlates with up-regulation of corresponding mRNA (EDN1, EDNRA, and EDNRB) in ERN1 knockdown glioma cells.
Discussion
In this work, we studied the expression of genes encoding endothelin-1, its receptors (EDNRA and EDNRB) and endothelin converting enzyme 1, which have relation to functional activity of EDN1, in relation to inhibition of ERN1, the major signaling pathway of the unfolded protein response, in U87 glioma cells with full ERN1deficiency, introduced by dnERN1 (cells without both protein kinase and endoribonuclease activities), and with deficiency in ERN1 endoribonuclease, introduced by dnrERN1 (cells without endoribonuclease activity only). It is important for evaluation of possible significance of these genes in the control of glioma growth through endoplasmic reticulum stress signaling mediated by ERN1 because this stress signaling pathway is involved in numerous metabolic pathways and inhibition of ERN1 signaling enzyme activity in glioma cells had clear anti-tumor effects (Auf et al. 2010 (Auf et al. , 2013 Bravo et al. 2013; Manie et al. 2014; Minchenko et al. 2013 Minchenko et al. , 2014 Minchenko et al. , 2015a Logue et al. 2018) .
We have shown that the expression of all studied genes EDN1, EDNRA, EDNRB, and ECE1 is responsible to endoplasmic reticulum stress signaling mediated by ERN1 and up-regulated in glioma cells without both protein kinase and endoribonuclease activities. However, molecular mechanisms of these changes are different, because inhibition of ERN1 endoribonuclease activity leads to up-regulation of EDNRA and ECE1 genes only. Thus, the expression of EDNRA and ECE1 genes is regulated by ERN1 endoribonuclease, but EDN1 and EDNRB genes preferentially by ERN1 protein kinase by mechanisms described by Auf et al. (2013) and Minchenko et al. (2015c) . Functional significance of up-regulation EDN1 and its cognate receptors (EDNRA and EDNRB) as well as endothelin converting enzyme 1 under inhibition of both ERN1 protein kinase and endoribonuclease activities because there is data that endothelin system is involved in cancer biology as well as in many other important processes and that expression of EDN1, EDNRA, EDNRB, and ECE1 genes is elevated in several tumors and cancer cell lines (Teoh et al. 2014; Cook et al. 2015; Niechi et al. 2015; Tapia and Niechi 2019) .
At the same time, showed that the expression of all studied EDN1and EDNRB genes is regulated preferentially by ERN1 protein kinase and that inhibition of ERN1 endoribonuclease activity leads to downregulation of EDNRB and EDN1 genes in glioma cells. These results correlate well with a data Auf et al. (2013) and Minchenko et al. (2015c) that inhibition of the endoribonuclease activity of ERN1 alone leads to a more robust suppression of malignant cell proliferation as compared to cells lacking both kinase and endoribonuclease activity. It is possible that endothelin system is involved in various very important processes; not only in cancer development, but the prominent pathophysiological aspects of the endo- Figure 9 . Expression level of microRNA miR 19a, miR 96, and miR 206 in control U87 glioma cells (Vector) and cells with a blockade of the ERN1 by dnERN1 measured by qPCR. Values of these mRNA expressions were normalized to beta-actin mRNA level and represented as percent for control 1 (100%); n=4.
thelin system in glioma cells as well as in astrocytes is not clear yet.
We also showed that hypoxia enhanced the expression of EDN1, EDNRA, and ECE1 genes and that knockdown of ERN1 signaling enzyme function significantly modified the response of all studied genes of endothelin system to hypoxia (Figure 10 ). Previously we have shown that hypoxia up-regulates HIF1A protein both in control and ERN1 knockdown glioma cells, but inhibition of ERN1 signaling enzyme decreases this protein level without significant changes in sensitivity to hypoxia . Furthermore, hypoxia stimulates human preproendothelin-1 promoter activity in transgenic mice and in microvascular endothelial cells through interaction of transcription factor HIF with specific hypoxia responsible element in EDN1 promoter (Aversa et al. 1997; Minchenko and Caro 2000) . However, hypoxic regulation of the EDN1 gene expression is associated with protein kinases and functional activity of other transcriptional factors as well as with signaling pathways of endoplasmic reticulum stress (Minchenko and Caro 2000; Stow et al. 2011; Minchenko et al. 2015b Minchenko et al. , 2017 Tsymbal et al. 2017; Zhang et al. 2018) .
It is possible that hypoxic stimulation of ENDRA and ECE1 gene expressions in glioma cells is also realized by transcription factor HIF through specific hypoxia responsible elements, which are present in promoter region of these genes. Khamaisi et al. (2015) have shown that hypoxia increases the expression level of ECE1 in vascular endothelial cells through hypoxia responsible elements, identified in promoter and intron regions. Furthermore, in promoter region of ENDRA gene we identified two potential binding sites for HIF and three -for XBP1, a major transcription factor of ERN1 signaling, and one of them overlapping with HIF (CCACGCG). It is possible that hypoxic regulation of ENDRA gene is realized through interaction HIF and XBP1 transcription factors on such binding sites, at least partially, and elimination of active XBP1 by ERN1 knockdown (Auf et al. 2010 ) reduces effect of hypoxia on ENDRA gene expression. At the same time, many factors can facilitate interaction of HIF with endoplasmic reticulum stress response-signaling pathway mediated by ERN1 (Manie et al. 2014; Sun and Denko 2014; Chevet et al. 2015) . There are data that HIF-1α is associated with numerous upstream and downstream proteins and an examination of upstream hypoxic and nonhypoxic regulation of HIF1 as well as of downstream HIF1-regulated proteins may provide further insight into the role of this transcription factor in the pathophysiology of glioblastoma at the molecular level (Womeldorff et al. 2014; Semenza 2017) .
Our data showed that hypoxia down-regulates ENDRB gene expression and that inhibition of ERN1 signaling leads to up-regulation of this gene. These results conform to data that intrarenal activation of endothelin type B receptors improve kidney oxygenation in type 1 diabetic rats and that pharmacological inhibition and cardiac-specific knockout of endothelin receptor type B lead to cardiac resistance to extreme hypoxia (Franzen et al. 2018; Stobdan et al. 2018) .
It is possible that hypoxic induction of EDN1, EDNRA, and ECE1 gene expressions reflects real pro-tumor effects of hypoxia and that anti-proli- ferative effect of ERN1 knockdown (Auf et al. 2010 (Auf et al. , 2013 Minchenko et al. 2015c ) agree well with strong reduction of the sensitivity of EDN1 and ECE1 gene expressions to hypoxia as well as with down-regulation of the expression of EDNRA gene under hypoxic condition ( Figure 10) . These results validate tight interaction of endoplasmic reticulum stress signaling pathways with hypoxic regulation of the expression of genes encoding endothelin-1, its receptor type A, and endothelin converting enzyme 1, which have relation to functional activity of EDN1, but precise molecular mechanisms is not clear yet and warrant further investigations.
We also observed down-regulation of microRNA miR-206, miR-96, and miR-19a, which have specific binding sites in mRNA EDN1, EDNRA, and EDNRB, correspondingly, in glioma cells with ERN1 knockdown. Furthermore, the level of these mRNA is upregulated. Our findings provide evidence that the enhanced expression pattern of EDN1, EDNRA, and EDNRB mRNAs is regulated both at transcriptional and post-transcriptional levels. Furthermore, downregulation of microRNA miR-206, miR-96, and miR-19a agree well with their role in tumorigenesis (Lin et al. 2010; Liang et al. 2011; Singh et al. 2013; Chua and Adams 2017) . These results conform to data that functions of noncoding RNA in regulating adaptive pathways in both physiological and pathophysiological conditions, illustrating how they operate within the known UPR functions and contribute to diverse cellular outcomes (McMahon et al. 2017) .
This study provides unique insights into the molecular mechanisms regulating the expression of genes encoding endothelin-1, its receptors and endothelin converting enzyme 1 in glioma cells in response to complete inhibition of ERN1 activity (protein kinase and endoribonuclease) or only its endoribonuclease and their correlation with reduced cell proliferation in cells harboring dnERN1, attesting to the fact that endoplasmic reticulum stress is a necessary component of malignant tumor growth and cell survival. Moreover, we identified microRNA, which down-regulated expression can contribute to posttranscriptional up-regulation of EDN1, EDNRA, and EDNRB mRNAs in ERN1 knockdown glioma cells. Furthermore, our results demonstrate that hypoxic induction of EDN1, EDNRA, and ECE1 gene expressions in control glioma cells reflects real pro-tumor effects of hypoxia and that anti-proliferative effect of ERN1 knockdown is associated with strong reduction of the sensitivity of EDN1 and ECE1 gene expressions to hypoxia as well as with down-regulation of the expression of EDNRA gene under hypoxic condition. It is interesting to note that our results validate tight interaction of endoplasmic reticulum stress signaling pathways with hypoxic regulation of the expression of genes encoding endothelin-1, its receptor type A, and endothelin converting enzyme 1, which have relation to functional activity of EDN1, but the detailed molecular mechanisms of this regulation have not been yet clearly defined and warrant further investigation.
